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Presentation Outline

Discuss perfluorinated compounds (PFCs), their 
properties, toxicity, and how they get into sewage sludge

Research showing that sewage sludge from specific 
waste water treatment plants in NC contains high levels 
of PFCs.  Use of sludge as a low cost fertilizer leads to 
contamination of fields and surface water 

Implications regarding the use of sewage sludge

Sewage sludge, regulations and concerns, applications in NC 



Best documented source includes contaminated drinking water  around 
industrial operations  e.g., Cottage Grove, Minnesota; Parkersburg, West 
Virginia; Dalton, Georgia; Decatur, Alabama;  Arnsberg, Germany; Osaka, 
Japan

Food is also implicated in many studies (mostly 
modeling), but there are few good data on food 
items (complex matrices).  Exception is fish, 
which is a well documented source.

Sources of PFC exposure in humans

http://christinaa14.files.wordpress.com/2011/06/drinkingwater.jpg


Health Effects Summary

Animal toxicity 
–Causes liver, immune system, developmental,                       

endocrine, metabolic, and neurobehavioral toxicity.
–PFOA and PFOS caused tumors in chronic rat studies. 

Human health effects associated with PFC(s) in the general 
population and/or communities with contaminated drinking water 
include:

• ↑ cholesterol
• ↑ uric acid 
• ↑ liver enzymes
• ↓ birth weight
• ↓ vaccine response 
• Thyroid disease
• Osteoarthritis

• Diabetes
• Testicular and kidney cancer
• Pregnancy-induced hypertension
• Ulcerative colitis
• Effects in young adulthood from 

prenatal exposures
– Obesity in young women.
– ↓ sperm count in young men.



US Environmental Protection Agency
Provisional Health Advisories

Provisional Health Advisory levels for PFOS and PFOA in drinking water

PFOS = 200 ng/L PFOA = 400 ng/L

* Some experts calling for reduction in standards by a factor of 
100 – 1000 to be truly protective for long term exposures    

PFOS = 2  ng/L         PFOA = 4 ng/L

Short term exposure only – no long term (chronic) standard set

* Immunotoxicity of perfluorinated alkylates: calculation of benchmark doses based on serum concentrations in children Grandjean, P ; Budtz-
Jorgensen, E ;Environmental Health (12:35 ) DOI: 10.1186/1476-069X-12-35, APR 19 2013



The Cape Fear River Basin



SS Kemmerer sampler Lab-made dip sampler

Survey of perfluorinated compounds in surface water 2006  



Collection of surface water from a bridge crossing
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Nakayama et al.
Environ. Sci. Technol.
2007, 41: 5271-5276



Project Questions

- Why would PFC concentrations be high and variable in North 
Carolina?  Why is surface water contamination important?

- Any evidence to suggest that using WWTP biosolids as 
fertilizer leads to elevated PFCs concentrations in North 
Carolina? 

- What are the impacts on communities? 

- What are the implications for groundwater and drinking water, 
livestock, produce, fisheries, etc.?   





Back to the Future:  March 2009, Environmental Science & Technology



Rahman et al., (2014) Water Research, 50:318-340



Permitted land application sites in North Carolina



5,258 Permitted sludge application sites in North Carolina



What are “Biosolids”? 

- “Biosolids” are what remains after WWTP processing 

Sewage sludge probably a more accurate term 

- Could contain anything that comes down the pipe to the WWTP, 
varies greatly depending on community type, industry effluents, 
plant design and operation

- 503 regulations cover pathogens, nutrients, and metals but NOT 
persistent organic pollutants (e.g.,  perfluorinated compounds, flame 
retardants, pharma compounds, plasticizers…)



~ 50% of the “biosolids” generated in the US are 
land applied as fertilizer 

Is this practice responsible for the distribution of persistent 
organic pollutants in the environment?  



= measurable PFCs = no measurable PFCs



Dry Creek Sub-basin (Initial recon results PFOS 154 ng/L PFOA 102) 
ng/L)

PFOS < 1.0

PFOS = 1.6
PFOS = 6.19

PFOS = 1.25

PFOS = 2.79

PFOS < 1.0
PFOS = 3.56

PFOS = 1.06

PFOS = 2.13

PFOS = 62.9

PFOS = 33.1

PFOS = 616

One of many examples 



PFOS = 616 ng/L





Permitted Sludge Application Sites in the Dry Creek Subbasin
= Municipal Utilities, = family residence, = reclaimed water

PFOS = 616 ng/L



Cane Creek Resevoir - Serving Orange County

PFOS = 720 ng/L

PFOA = 1020 ng/L 

PFOS = 500 ng/L

PFOA = 966 ng/L 

PFOS = 65 ng/L

PFOA = 109 ng/L 

PFOS = ND

PFOA = ND 



Burlington, NC 
WWTP Biosolids



Analysis of PFCs in local WWTP Sewage Sludge Supernatants (ng/L)

Most compounds in the range 100s to 1000s ng/L in sludge supernatants applied to fields 

Sewage sludge from these WWTPs is ~ 5% solid and 95% liquid supernatant   

If PFOS has not been produced in the US in over a decade, why is it still present in 
sewage sludge?   



Implications and Questions

- PFOS, PFOA, and related compounds still in use (or still in 
the system) despite regulations and restrictions

- sludge regulations only require testing for pathogens, 9 metals and 
nutrients - other persistent pollutants are not measured 

- Surface application of these wastes can lead to contamination of ground 
and surface water, agricultural crops and livestock, and the people living in 
these communities 

- Perfluorinated compounds at high concentrations in sludges, 
on fields, in surface water in areas receiving sludge applications  



5,258 Permitted sludge application sites in North Carolina



3/27/2019

Email: lindstrom.andrew@epa.gov

Questions?
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